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Available online 14 November 2015AbstractPurpose/Aim: The aim of this study was to determine competence of emergency medicine residents in the assessment of cranial computed
tomography (CT) scans and to evaluate the level of consistency with radiologists.
Methods: A total of 525 cases were included in the study. Cranial CT scans obtained from patients who presented to Dr Lutfi Kirdar Kartal
Education and Research Hospital Department of Emergency Medicine, between January 1st and July 1st 2012, were assessed by an emergency
medicine resident who ordered the scan after physical examination and by a radiologist within 2 days after CT order. CT scans were interpreted
within 2 days using the Picture Archiving and Communication System by two different radiologists with emergency medicine experience.
Radiologists were blinded to the assessment of the emergency medicine resident and the other radiologist.
Results: The noncoincidental consistency was 82.3% between cranial CT scan interpretations by radiologists and emergency medicine residents.
The sensitivity, specificity, positive predictive value, and negative predictive value of statistical accuracy between interpretations by emergency
medicine residents and radiologists were 92.55%, 94.9%, 79.81%, and 98.32%, respectively.
Conclusion: Emergency medicine residents can assess cranial CT scans consistently with radiologists.
Copyright © 2015, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Cranial computed tomography (CT) is frequently used in
the differential diagnosis of intracranial pathology during
emergency department (ED) visits.1 Noncontrast enhanced
cranial CT scanning is frequently used outside of situations
such as tumors, mass lesions, abscesses, and meningitis. In
general, emergency medicine clinicians have to assess cranial
CT scans by themselves, making decisions based on their own
interpretations. In many centers, radiology specialists report
cranial CT scans in an elective manner after ED presentation.* Corresponding author. Emergency Medicine Clinic, Dr Lutfi Kirdar Kartal
Education and Research Hospital, Semsi Denizer C Cevizli Mevki,
KartaleIstanbul, Turkey.
E-mail address: guneysel@gmail.com (O. Guneysel).
http://dx.doi.org/10.1016/j.jacme.2015.09.003
2211-5587/Copyright © 2015, Taiwan Society of Emergency Medicine. PublishedIt is possible to prevent undesired outcomes through ac-
curate assessment of cranial CT scans by emergency medicine
residents.1 They are likely to experience mistakes such as
misleading diagnosis, missed diagnosis, or diagnosis of a
nonexistent disorder. In previous studies, concerns emerged
that some diagnoses could be missed when assessing cranial
CT scans by emergency medicine clinicians.1,2
The aim of the present study was to determine competence
of emergency medicine residents in the assessment of cranial
CT scans and to evaluate their level of consistency with
radiologists.
2. Materials and methods
This study was conducted in Dr Lutfi Kirdar Kartal
Training and Research Hospital Department of Emergencyby Elsevier Taiwan LLC. All rights reserved.
Table 1
Demographic characteristics.
n %
Age (y) 0e14 16 3.0
15e29 70 13.3
30e45 127 24.2
46e59 147 28.0
60e74 96 18.3
76e89 66 12.6
90e104 3 0.6
Sex Female 256 48.8
Male 269 51.2
Type of presentation Outpatient 324 61.7
EMS 128 24.4
Private ambulance 41 7.8
Private vehicle 32 6.1
EMS ¼ Emergency Medicine System.
Table 2
Distribution of cranial CT scan interpretations by radiologists and emergency
medicine residents.
n %
Radiologists Abnormal CT finding 94 17.9
Normal CT 431 82.1
Emergency medicine
residents
Abnormal CT finding 109 20.8
Normal CT 416 79.2
Agreement
(n ¼ 116)
Disagreement 42 36.2
Both were abnormal but no agreement 13 11.2
Radiologist normal 22 19.0
Emergency medicine trainee normal 7 6.0
Agreement 74 63.8
CT ¼ computed tomography.
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ED presentations. The study was approved by the Institutional
Research Committee.
The study included 525 cranial CT scans that were obtained
from patients who presented to the ED between January 1st
and July 1st, 2012, and were assessed by emergency medicine
residents who ordered the CT scan after physical examination
and by a radiology specialist within 2 days after CT order.
Findings were prospectively recorded on a data sheet in the
study protocol. CT scans were interpreted within 2 days after
the scan using the Picture Archiving and Communication
System (PACS) by two different radiologists with emergency
medicine experience. The data were also recorded on the data
sheet. Radiology specialists were blinded to the assessment of
the emergency medicine residents and the other radiologist.
Among the cranial CT scans assessed by emergency med-
icine residents and radiologists, detection of senile atrophy,
masses, encephalomalacia, microangiopathic changes, or
failure to detect any pathology were considered as normal CT
scans, whereas all other interpretations reporting pathological
appearance were considered as abnormal CT scans.
Thirteen emergency medicine residents with various periods
of training and two radiology specialists with emergency medi-
cine experience participated in the study. Age, sex, presentation
type and initial diagnosis are recorded as demographical data. CT
scan assessments of the radiologists are considered as gold
standard. In addition, sensitivity, specificity, and negative and
positive predictive values were calculated for accuracy of CT
scan assessments by emergency medicine residents.2.1. Statistical analysisAll statistical analyses were performed using Number
Cruncher Statistical System 2007 and Power Analysis and
Sample Size 2008 statistical software (Utah, USA). During
data analysis, descriptive statistics (frequency, ratio) as well as
diagnostic screening tests (specificity, sensitivity, Positive
Predictive Value (PPD), Negative Predictive Value (NPD), and
k coefficient) were used to compare qualitative variables.
3. Results
This study was conducted on 525 cases in Dr Lutfi Kirdar
Kartal Education and Research Hospital Department of
Emergency Medicine between January 1st and July 1st, 2012.
Table 1 presents the sociodemographic characteristics.
In the assessment of cranial CT scans, radiology specialists
reported abnormal CT findings in 17.9% (n ¼ 94) and normal
CT findings in 82.1% (n ¼ 431) of scans, whereas emergency
medicine residents reported abnormal CT findings in 20.8%
(n ¼ 109) and normal CT findings in 79.2% (n ¼ 416) of scans
(Table 2).
There was inconsistency in 42 (36.2%) and consistency in
74 (63.8%) of 116 CT scans reported to have abnormal find-
ings by both groups. Both groups reported abnormal CT
findings but different diagnoses in 13 of 42 cases with
inconsistency. Twenty-two cases were reported as normal CTfindings by radiologists, but as abnormal CT findings by
emergency medicine residents. Seven cases were reported as
normal CT findings by emergency medicine residents but as
abnormal CT findings by radiologists.
Noncoincidental consistency was 82.3% between radiolo-
gists and emergency medicine residents regarding CT scan
assessments (Table 3). Abnormal CT findings were found in
17.9% of CT scans reported by radiologists and in 20.8% of
those reported by emergency medicine residents.
Of 94 cases reported as abnormal CT findings by radiolo-
gists, 87 (16.6%) were also interpreted as abnormal; whereas
the remaining seven cases (1.3%) were interpreted as normal
CT findings by emergency medicine residents. These cases
were subarachnoid hemorrhage, sinusitis, and minor fractures.
The sensitivity, specificity, positive predictive value, and
negative predictive value of the test were calculated as
92.55%, 94.9%, 79.81%, and 98.32%, respectively.
4. Discussion
Cranial CT is an important imaging technique in the ED.
There are many indications for cranial CT evaluation,
including suspected head injury, neoplasm, stroke, infarction,
intracranial infection, hydrocephaly, suspicion of subarach-
noid hemorrhage, and headache with alarming symptoms.
Emergency medicine residents should have to assess cranial
Table 3
Assessment of CT scan interpretation by emergency medicine residents and agreement in comparison with radiologists.
Radiologists p
Abnormal CT
finding
Normal CT Total
n % n % n %
Emergency medicine residents Abnormal CT finding 87 16.6 22 4.2 109 20.8 0.823
Normal CT 7 1.3 409 77.9 416 79.2
Total 94 17.9 431 82.1 525 100
Sensitivity 92.55 k coefficient
Specificity 94.90
Positive predictive value 79.81
Negative predictive value 98.32
CT ¼ computed tomography.
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based on history and physical examination. There may be
problems in the assessment of CT scans as radiology spe-
cialists are generally unavailable during night shifts or week-
ends in EDs, and this may cause significant mistakes such as
inadequate or misleading diagnoses or mistakenly diagnosing
normal findings as pathological.
We found that emergency medicine residents interpreted
cranial CT scans with a lot of consistency with radiology
specialists. Undesired outcomes than can result from misin-
terpretation of cranial CT scans by emergency medicine resi-
dents are uncommon but can be fatal. A recent study by Al-
Reesi et al1 also supported these findings. Although there are
many studies on assessment of CT scans, there are few on
cranial CT scans in the literature, reporting controversial re-
sults. Alfaro et al3 reported the rate of inconsistency as high as
38.7% between radiology specialists and emergency medicine
clinicians regarding CT interpretations, and there was potential,
clinically significant misinterpretation in 24.1% of the sample.
Accurate assessment of CT scans involves defining normal
anatomy and pathological views in a radiological manner. In
our study, emergency medicine residents were asked to specify
the localization in order to determine their ability to assess
radiological anatomy. The ability of emergency medicine
residents to establish localization of pathology was found to be
consistent with that of radiology specialists. Emergency
medicine residents were able to define more localizations that
may be life-threatening, whereas they failed to define details
that can be missed. We observed that radiology specialists
made better assessment in the localization of fractures and
sinusitis. Furthermore, emergency medicine residents, who
know the clinical presentation, were able to define more
localization of cerebrovascular events or subarachnoid hem-
orrhage, which is challenging to assess in cranial CT scans.
In our study of assessment of cranial CT scans, consistency
was assessed according to two main determinations including
normal and abnormal CT scans. Of 525 cases, 79.2% (n ¼ 416)
were considered as normal by emergency medicine residents;
whereas 82.1% (n ¼ 431) were considered as normal by
radiology specialists. The difference (n ¼ 15) resulted from
important pathologies that were interpreted as normal by ra-
diologists. By data sheet and PACS, it was confirmed that threecases considered as subarachnoid hemorrhage by emergency
medicine residents were reported as normal by radiology spe-
cialists. These patients were admitted to the hospital by
reviewing patient files and electronic databases. In the study by
Al-Reesi et al,1 it was reported that interpretations by both
groups differed regarding subarachnoid hemorrhage. There-
fore, radiology specialists would report CT scans as normal
without information regarding clinical presentation.
Arendts et al2 reported that 190 (14.8%) of 1282 scans were
misinterpreted by emergency medicine clinicians, whereas
41.1% of these involved diagnoses that might cause potential
adverse outcomes. Alfaro et al3 reported that radiologists and
emergency medicine clinicians had inconsistent interpretations
in 38.7% (n ¼ 206) of the cases, causing possible misinter-
pretation in 24.1% (n ¼ 131) of the sample. In a study from
the UK, Mucci et al4 compared emergency medicine clinicians
with radiologists regarding interpretation of cranial CT scans,
and reported that there was consistency in 86.6% of inter-
pretations.3e5 In a study on 442 cases, Al-Reesi et al1
demonstrated that there was consistency of 92.8% between
emergency medicine clinicians and neuroradiologists.
There was inconsistency in 42 (36.2%) and consistency in 74
(63.8%) of 116 cases, which were considered as abnormal by
emergency medicine residents and radiology specialists. These
pathologies were detected as subarachnoid hemorrhage, intra-
cerebral hemorrhage, intracranial mass, edema, hydrocephaly,
and suspicion of cerebral vein thrombosis. Arendts et al2 reported
that 190 (14.8%) of 1282 scans were misinterpreted by emer-
gency medicine clinicians, whereas 41.1% of these assessments
involved diagnoses that might cause potential adverse outcomes.
In our study, 35.7% (n¼ 15) of 42 CT scans misinterpreted were
considered as potential or significant pathologies (8.07% of
whole sample). Based on our findings, several factors including
satisfactory information on cranial anatomy, ability to define
pathological CT scans and systematic approach, sufficient time
for interpretation, reassessment when needed, and availability of
a neuroradiologist for referral if needed are essential for accurate
assessment of cranial CT scans. For success in more homoge-
neous interpretations by emergency medicine residents, theo-
retical training sessions addressing the question “how a cranial
CT scan can be interpreted?”, case reports, and evaluating normal
or pathological CT scans are needed.
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center study. Second, emergency medicine residents did not
undergo a standard education before participation in the study;
therefore, only skills gained during residency were measured.
Although that seems adequate, no measurement was per-
formed regarding seniority. Repeating the study after
providing a seniority-specific education to emergency medi-
cine residents would be more helpful to achieve more objec-
tive results regarding assessment of consistency.
In conclusion, emergency medicine residents can assess
cranial CT scans consistently with radiologists.
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